In gastrointestinal epithelium, metaplastic conversion between predominant cell types is associated with an increased risk of neoplasia. However, the mechanisms regulating metaplastic transitions in adult epithelia are largely undefined. Here we show that matrix metalloproteinase-7 (MMP-7) is expressed not only in the majority of human pancreatic ductal adenocarcinoma specimens, but also in human pancreatic intraepithelial neoplasia and metaplastic duct lesions in human and mouse. In a mouse model of pancreatic acinarto-ductal metaplasia, MMP-7 progressively accumulates during the metaplastic transition, resulting in a concomitant increase in solubilization of Fas ligand (FasL). Under identical conditions, mice either deficient in MMP-7 or carrying an inactive FasL gene are severely inhibited in development of progressive metaplasia and acinar cell apoptosis. Thus, MMP-7 and FasL influence the initiation and maintenance of metaplastic events in pancreatic epithelium, explaining the observed link between metaplasia and apoptosis in pancreas and other gastrointestinal tissues.
Introduction
Metaplastic conversion between epithelial cell types is frequently found at sites of chronic inflammation and confers significant risk of neoplasia to the pancreas (1-3), stomach (4, 5) , intestine (6) , and esophagus (7) . However, little information is available regarding the molecular mechanisms responsible for initiating and maintaining metaplastic epithelia. In pancreas, acinar-to-ductal metaplasia has been proposed as an initiating mechanism for pancreatic ductal adenocarcinoma (PDAC). Patients with ductal metaplasia arising in the setting of chronic pancreatitis (CP) have a 16-fold increase in relative risk for PDAC (1) , increasing to 50-fold in patients with familial CP (2) . In a mouse model of pancreatic ductal metaplasia initiated by chronic overexpression of TGF-α, metaplastic ductal epithelium can progress infrequently to pancreatic intraepithelial neoplasia (PanIN) and invasive PDAC (8) ; this conversion from metaplasia to neoplasia is greatly accelerated on a p53 -/-background (9) .
Matrix metalloproteinase-7 (MMP-7, matrilysin, EC 3.4.24.23) is a member of the MMP family of zincdependent extracellular proteases. Unlike the majority of MMP family members, MMP-7 is expressed in the epithelium of premalignant lesions in multiple glandular tissues, including breast, prostate, and intestine (10) . Although its precise function in these tumors is unknown, ablation of MMP-7 in a mouse model of intestinal neoplasia decreases tumor formation by 60% (11) , and its transgenic overexpression in mammary gland accelerates the onset of Her2/Neu-induced tumors (12) . These observations are consistent with a growing body of literature establishing MMPs as important regulators of tumor formation (13) (14) (15) .
While many MMP substrates are components of the extracellular matrix, MMPs have recently been recognized as important regulators of cell surface proteolysis (16) . Cell-surface substrates of MMP-7 include E-cadherin (17) , β4 integrin (18) , TNF-α (19, 20) , and Fas ligand (FasL) (20) . Cleavage of FasL leads to the generation of a soluble form of FasL (sFasL) that has apoptosisinducing activity in vitro (21) . While FasL has not previously been shown to be a substrate of MMP-7 in vivo, MMP7 -/-mice show diminished apoptosis of prostate epithelium following androgen withdrawal (21) , a process that is thought to be dependent on Fas (22) . Chronic solubilization of FasL by MMP-7 in vitro leads to resistance to a number of apoptotic stimuli (23) , suggesting that one role of MMP-7 in tumor formation is to select for apoptotic resistance.
Here we show MMP-7 expression in well-differentiated tumor cells in 98% of PDAC patient samples. Interestingly, we found MMP-7 in associated metaplastic
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duct epithelium in 100% of PDAC samples as well as in the metaplastic duct lesions of 95% of CP patient samples. In a mouse model of CP-associated acinar-to-ductal metaplasia, we found that MMP-7 was essential for propagation of metaplastic epithelium throughout the pancreatic parenchyma, and that it regulated associated acinar cell apoptosis through the solubilization of FasL. The contribution of MMP-7 activity to the formation of preneoplastic pancreatic lesions in vivo suggests that MMP-7 may influence tumor formation partly by exposing the epithelia to an apoptotic selective pressure, resulting in selective expansion of a ductlike epithelium resistant to apoptotic stimuli.
Methods
Mice, pancreatic duct ligation, and tissue harvest. Transgenic mice expressing TGF-α under control of the metallothionein promoter (MT-TGF-α mice) (24) were maintained on a C57BL/6 × DBA genetic background. C57BL/6 male mice were used for both unoperated controls and for mice undergoing pancreatic duct ligation (PDL). MMP7 -/-mice have been described previously (11); gld mice were obtained from The Jackson Laboratory (Bar Harbor, Maine, USA) and were maintained on a C57BL/6 background. PDL was performed as described previously (25) .
Both unoperated control mice and mice that were 5, 7, and 10 days post-PDL were sacrificed and pancreatic tissues were harvested. Two subgroups of mice were prepared for analysis, those for immunohistochemistry and in situ hybridization and those for tissue lysates. Mice to be used for in situ hybridization and immunohistochemistry were sedated and perfused through the left ventricle of the heart with 10 ml ice-cold PBS followed by 10 ml of either 4% paraformaldehyde or formalin. For mice from which lysates were prepared, pancreatic tissue was removed and 25% of the tissue was fixed for immunohistochemistry. After harvesting, splenic lobes were fixed for 3 hours at 4°C, then washed and stored in 70% ethanol at 4°C overnight. Tissues were dehydrated and embedded in paraffin.
Protein extraction and immunoblotting. For protein analysis, pancreatic tissues cut lengthwise from the suture point to the pancreatic tail were minced and solubilized in lysis buffer consisting of 50 mM Tris (pH 7.5), 100 mM NaCl, and 0.5% NP-40 supplemented with Complete Protease Inhibitor Tablets (Roche Molecular Biochemicals, Indianapolis, Indiana, USA). Insoluble debris was removed by centrifugation, and protein concentrations were determined using the Bradford assay (BioRad Laboratories, Hercules, California, USA). Fifty micrograms of total protein per lane were loaded, resolved on SDS/12% polyacrylamide gels, and transferred to nitrocellulose membranes. Blots were blocked in 5% nonfat dry milk in Tris-buffered saline with 0.05% Tween-20 (TBST). Antibodies and dilutions were as follows: rabbit polyclonal anti-MMP-7 antibody (11) was used at 1:200; rabbit polyclonal anti-FasL (SC-6327; Santa Cruz Biotechnology Inc., Santa Cruz, California, USA) was used at 1:500; and rat monoclonal anti-mouse FasL antibody (Alexis Biochemicals, San Diego, California, USA) was used at 1:500. The membranes were washed in TBST and probed with biotin-conjugated species-specific secondary antibodies (The Jackson Laboratory). After washing in TBST, blots were probed with horseradish peroxidase-conjugated streptavidin and washed in TBST. Immune complexes were visualized using the ECL kit from Amersham Life Sciences Inc. (Buckinghamshire, England) and exposed to autoradiograph film. To confirm equivalent protein loading, blots were stained for total protein in a solution of 0.1% Fast Green FCF (Sigma Aldrich, St. Louis, Missouri, USA), 20% methanol, and 5% acetic acid.
Immunohistochemistry. Archival human normal pancreas, pancreatitis, and pancreatic tumor samples that were fixed in formalin and embedded in paraffin were obtained from the Vanderbilt University Human Tissue Acquisition and Pathology Shared Resource. Fivemicrometer sections from human and mouse samples were analyzed. Immunohistochemical analysis was performed as previously described (26) . The following primary antibodies were used: rat monoclonal anti-MMP-7 (an antibody that recognizes both proand active forms of MMP-7) at 1:50 (26); rat monoclonal IgM anti-mouse FasL (Alexis Biochemicals), 1:100; rabbit polyclonal anti-Fas antibody (X-20; Santa Cruz Biotechnology Inc.), 1:200; and rabbit polyclonal antibody against cleaved caspase-3 (Cell Signaling Technology, Beverly, Massachusetts, USA), 1:100. Negative controls were prepared using appropriate speciesand isotype-matched immunoglobulin. PanIN lesions were graded as either PanIN-1, PanIN-2, or PanIN-3 based on increasing degrees of epithelial stratification and nuclear atypia as previously described.
Quantitation of apoptosis and statistical analysis. To obtain quantitative data regarding the rate of apoptosis in ligated pancreatic tissues, three fields each from five different pancreata stained with anti-cleaved caspase-3 were counted under 200× magnification. The mean and SEM were obtained, and unpaired Student t tests were performed. Statistical analysis was performed with NCSS software (Number Cruncher Statistical Systems, Kaysville, Utah, USA). (Figure 1e ). Taken together, these data suggested that, in PDAC, MMP-7 has a function that precedes the onset of tumor invasion.
Results

MMP-7 is expressed in the majority of PDACs
Consistent with a role for MMP-7 in the earliest stages of pancreatic tumorigenesis, metaplastic duct lesions within the tumor samples expressed MMP-7 in 32 of 32 PDAC cases ( Figure 1f ). This ductal metaplasia, which resembles that found in patients with CP, is commonly found in patients with PDAC and often is considered a reactive consequence of tumor formation. However, CP patients have recently been recognized as being at a significantly higher risk for PDAC (1, 2), suggesting that ductal metaplasia might act as a preneoplastic lesion. To address the possibility that MMP-7 expression in metaplastic duct lesions represented a host reaction to the nearby tumor, we examined MMP-7 expression in CP patients without associated neoplasia. Twenty-six of 28 CP patients were positive for MMP-7 expression, again limited exclusively to the metaplastic duct lesions (Figure 1, g and h) . Thus, MMP-7 acted as a strong correlative marker for preneoplastic, metaplastic duct epithelium, independent of any influence from an associated overt tumor.
MMP-7 is expressed in mouse models of pancreatic ductal metaplasia. Because MMP-7 has been shown to be important for tumor formation in multiple tissues (11, 12) and its expression correlates strongly with the formation of pancreatic preneoplastic lesions, we hypothesized that MMP-7 activity was important for the formation of these lesions. In order to determine whether MMP-7 played a functional role in acinar-to-ductal metaplasia, we first asked if induction of ductal metaplasia was associated with MMP-7 expression in two different mouse models. Chronic overexpression of TGF-α (8, 24, 28) has been shown to lead to acinar-toductal metaplasia, and infrequently to the eventual formation of PanIN-like lesions. Alternatively, obstruction of the main pancreatic duct (29, 25) accurately simulates human CP. In this model, tissue proximal to the point of obstruction exhibits all the hallmarks of CP within days, including an inflammatory response, extensive fibrosis, and acinar-to-ductal metaplasia.
As with human pancreatic tissue, normal mouse pancreas did not express MMP-7 ( Figure 2a) . In MT-TGF-α mice, ductal metaplasia is extensive after 3 months of zinc-induced transgene expression (30) . We observed MMP-7 expression throughout the metaplastic ductal epithelium in these mice (Figure 2b ), but not in stromal or acinar tissue. Next we examined the model of CP initiated by surgical ligation of the main pancreatic duct. We examined pancreata 5 days after PDL and found MMP-7 exclusively in the metaplastic duct lesions, and not in acinar cells, fibrotic stroma, or inflammatory cells (Figure 2, c and d) . In situ hybridization experiments confirmed the immunohistochemical results and showed that MMP-7 expression was induced at the RNA level (Figure 2, e and f) . These data confirmed that PDL accurately simulated human CP, not only in its pathology, but also with regard to MMP-7 expression. Immunoblots of whole-tissue lysates from ligated pancreata harvested following PDL (Figure 2g ) established that MMP-7 was present in both its pro and active forms. Furthermore, MMP-7 protein accumulated throughout the course of progressive metaplasia (Figure 3 , a-c), consistent with its expression in the proliferative metaplastic ducts. Expression of MMP-7 in the metaplastic ducts of both MT-TGF-α and duct-ligated wild-type mice showed that, much as in human samples, MMP-7 expression is intimately linked with the process of acinar-to-ductal metaplasia, independent of the mechanism by which it is initiated.
MMP-7 controls acinar cell apoptosis and ductal metaplasia following ductal obstruction. The consistent expression of MMP-7 during epithelial metaplasia in both human and mouse led us to hypothesize that MMP-7 played an active role in the process. Given the reliable consistency and rapidity of acinar-to-ductal metaplasia in this model, as well as its accurate simulation of human CP, we chose to study MMP-7 function in PDL-induced acinar-to-ductal metaplasia. First, we compared the histological phenotype following PDL in wild-type mice and in mice with targeted deletions of both MMP-7 alleles (MMP7 -/-mice). Pancreata were harvested at 5, 7, and 10 days after PDL, and the tissue was divided into three sectors: the sector most distant from the suture point on
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The the splenic side (tail); the suture point; and the duodenal side of the suture (head). As in previous studies (25) , no changes were evident in the pancreatic head of either set of mice. In the pancreatic tail of wild-type mice, acinar cells persisted for up to 5 days after ligation (Figure 3a ), but were mostly lost by 7 days after ligation (Figure 3b ). In comparison, MMP7 -/-mice showed few signs of either acinar cell loss or ductal metaplasia even 10 days after ligation ( Figure 3, d-f ), although inflammatory infiltrates were usually evident at this timepoint (Figure 3f ). We found signs of CP including inflammation, fibrosis, and limited metaplasia and acinar cell loss in the MMP7 -/-pancreata only immediately adjacent to the suture point, particularly at 10 days after PDL (data not shown). These observations suggest that MMP-7 plays a critical role in the propagation of metaplasia in response to ductal obstruction, but that MMP-7-independent factors were capable of inducing limited local metaplasia as a component of local foreign body reaction.
The remarkable inhibition of all histological aspects of CP in the MMP7 -/-mice following PDL suggested either that the CP phenotype requires a series of MMP-7-dependent events, or (more likely) that the phenotype involves a somewhat interdependent series of events, at least one of which is initiated by MMP-7 activity. Recently, we have shown that in mice deficient for the p53 gene, acinar cell apoptosis is inhibited, which also limits the CP phenotype overall in this model (25) . Given the preservation of acinar cell mass observed in the MMP7 -/-mice following PDL and recent data showing that MMP-7 directly regulates epithelial cell apoptosis (21, 23, 31, 32), we hypothesized that acinar cell apoptosis was reduced relative to that found in wildtype pancreatic tissue. We examined acinar cell apoptosis by immunohistochemical staining for cleaved (active) caspase-3 of pancreata from wild-type and MMP7 -/-mice 5 days after ligation. As we had seen previously (25) , acinar cells in wild-type ligated pancreata exhibited extensive apoptosis, whereas metaplastic duct epithelium did not (Figure 4a ). In comparison, the extent of apoptosis observed in MMP7 -/-mice was similar to that in unligated controls (Figure 4, b and c) .
We have previously identified FasL, a member of the TNF family of apoptosis-inducing ligands, as an MMP-7 substrate in vitro (21) . To investigate the possibility that MMP-7-processed FasL was relevant to initiation of ductal metaplasia, we examined the expression of FasL and its receptor, Fas, after PDL. In wild-type pancreata 5 days after PDL, we found Fas expression at very high levels in both acinar cells and metaplastic ducts (Figure 5a ). In contrast, we found FasL in the exocrine pancreas restricted to metaplastic ducts (Figure 5b) , a pattern similar to that found in the pancreata of CP patients (33) . A subpopulation of islet cells in the endocrine pancreas expressed high levels of FasL (data not shown), a pattern observed on both sides of the suture and in unligated controls.
In immunoblots of lysates from ligated pancreata, the induction of FasL expression over time was evident (Figure 5c ), but strikingly, we found that the majority of FasL accumulated in its proteolytically processed, soluble form of 27 kDa, a mass consistent with the MMP-7-processed FasL. At 5 days after ligation, sFasL constituted about 60% of total FasL, increasing to more than 95% of total FasL by 10 days after ligation (Figure 5c ). In MMP7 -/-mice, we could detect FasL only at 10 days after ligation (presumably because of the general inhibition of metaplasia), and only in its full-length unprocessed form (Figure 5d) , showing for the first time that in vivo solubilization of FasL is dependent on MMP-7 activity.
To test whether the acinar cell apoptosis and ductal metaplasia observed after PDL were dependent on FasL activity, we performed PDL on gld mice, which carry an inactivating point mutation of FasL (34) . At 7 days after ligation, a time when few acinar cells persist in wild-type mice (Figure 3b) , the gld mice showed virtually no acinar cell loss and an almost complete inhibition of detectable metaplastic duct formation, whereas fibrosis and inflammation were sometimes evident (Figure 6a ). The persistence of acinar cells and the proapoptotic activity of FasL led us to hypothesize that acinar cell apoptosis was inhibited in gld mice. Indeed, pancreatic tissue from gld mice 7 days after PDL did show a significant decrease in acinar cell apoptosis as measured by staining of cleaved caspase-3 ( Figure 6, b and c) . The degree of inhibition of apopto- sis was similar to that observed in the MMP7 -/-background. The similarity in phenotype with the MMP7 -/-mice was not due to an inhibition of MMP-7 expression, since expression of MMP-7 itself was still detectable in the gld ligated pancreata (Figure 6d ). These data confirm that the apoptosis-inducing properties of MMP-7 in this system are largely dependent upon a functional FasL molecule, although the moderately higher degree of acinar cell apoptosis in the gld mice compared with the MMP7 -/-mice may be an indication of alternative proapoptotic pathways controlled by MMP-7 activity. Taken as a whole, however, the progression of acinar cell apoptosis and expansion of metaplastic ductal epithelium observed in this model system was largely dependent on the function of FasL, which accumulated in the tissue primarily in its MMP-7-dependent soluble form.
Mice deficient in MMP-7 or FasL activity are inhibited with respect to both acinar cell apoptosis and ductal metaplasia. These data, as well as our previous data showing similar results in p53-null mice (25) , support the concept that acinar cell apoptosis is linked to the propagation of ductal metaplasia in this system. Interestingly, in the current study we saw that Fas receptor was expressed not only by the dying acinar cells, but also by the surviving and proliferating metaplastic duct epithelium ( Figure 5) . Thus, the metaplastic epithelium was protected somehow from sFasL-mediated apoptosis in order to allow for its selective expansion to become the dominant epithelium of the exocrine tissue. In a previous study we showed that metaplastic ductal epithelia express the antiapoptotic protein Bcl-2, whereas normal ducts do not (25) . To test the effect of the absence of MMP-7 and FasL activity on this expression, we examined Bcl-2 by immunohistochemistry on MMP7 -/-and gld pancreata following PDL ( Figure 7) . As shown previously, Bcl-2 is expressed specifically in the metaplastic ducts of wild-type pancreata following PDL (Figure 7a ). Ductal structures in MMP7 -/-pancreata did not stain for Bcl-2 (Figure 7b) , consistent with the general inhibition of the metaplastic changes in this background. Surprisingly, apparently normal ducts leading to terminal acini in the gld mice did express low but detectable levels of Bcl-2 ( Figure 7c) . Thus, the dramatic selective expansion of ductal epithelium that is resistant to programmed cell death was dependent upon both MMP-7 activity and FasL-mediated apoptosis, with the absence of MMP-7 having a more profound effect.
Discussion
Here we have shown that MMP-7 is required for preneoplastic pancreatic ductal metaplasia and is expressed in pancreatic cancer precursors and well-differentiated components of invasive PDAC. We have provided evidence that following pancreatic duct obstruction, metaplastic ducts producing MMP-7 and FasL are generated. The coexpression of MMP-7 and FasL in metaplastic ducts gives MMP-7 the ability to cleave FasL from the cell surface, resulting in a local accumulation of sFasL sufficient to induce apoptosis among susceptible cell types. Despite the strong correlative and functional evidence, the profound inhibition of propagation of the CP phenotype in the MMP7 -/-mice prevents us from formally eliminating the possibility that MMP-7 promotes FasL release indirectly, perhaps by enhancing inflammation and fibrosis. Nevertheless, with the induction of the apoptotic response, acinar cells are progressively eliminated and replaced by apoptosis-resistant, regenerative ductal epithelium, resulting in more cells expressing MMP-7 and FasL, continuing the cycle of acinar-to-ductal metaplasia throughout the pancreas.
Consistent with MMP-7 acting to select for cell populations resistant to apoptosis in the metaplastic process, we have observed that chronic expression of MMP-7 kills cells in vitro in a FasL-dependent manner, ultimately resulting in viable cell populations resistant to multiple apoptotic challenges, including Fas ligation, T cell-mediated killing, and chemotherapeutic agents (23) . In support of this effect being due to the addition of a selective pressure, we found that chronic Fas ligation with crosslinking antibodies also leads to resistant cell populations. Similarly, in an unrelated study, chronic exposure of tissue culture cells to the apoptosis-inducing TNF-α family member TRAIL selects for resistant cell populations containing inactivating mutations in the proapoptotic protein Bax (35) .
In both our in vivo and in vitro systems, it remains unclear precisely how MMP-7 activity leads to a predominance of apoptosis-resistant cells. Its effects could be indirect, caused by the application of a selective pressure that kills all but a minor, resistant cell population, or direct, caused by the release of additional signaling molecules that confer apoptotic resistance on responsive epithelia. Because Bcl-2 was detectable at low levels in ducts of the gld pancreata following PDL, it is clear that FasL-mediated apoptosis is not absolutely required for the generation of Bcl-2-expressing ductal cells, although it is clearly involved in their selective expansion. These data suggest that MMP-7 is involved in inducing Bcl-2 expression directly. However, with the slightly higher apoptotic rate in the gld mice compared with the MMP7 -/-mice, we cannot eliminate the possibility that MMP-7 applies apoptotic pressure through other means, such as anoikis or release of other TNF family members. Though these remaining signals would represent a minor component of the overall apoptotic response, they may elicit sufficient selective pressure on the ductal epithelium to lead indirectly to the limited expansion of metaplastic ducts expressing Bcl-2.
Alternatively, MMP-7 may release other bioactive molecules that directly induce Bcl-2 expression and apoptotic resistance. For instance, it has been shown that MMP-7 can release heparin-binding EGF (HB-EGF) from the cell surface (32) , and EGF receptor signaling is also known to induce Bcl-2 expression (36). Immunoblots examining HB-EGF in MMP7 -/-pancreatic lysates did not show obvious alterations in processing compared with wild-type lysates (data not shown). Also, immunohistochemistry indicated that HB-EGF is limited to islet cells and is not found in metaplastic ducts where MMP-7 would have unfettered access to the molecule (data not shown). Whether MMP-7 activity selects for or induces Bcl-2 expression, the ultimate result is the selective expansion of ductal epithelium that is resistant to apoptotic signals that serve to eliminate the acinar cell population.
Resistance to apoptosis is a common characteristic of tumor cells and likely contributes to the ability of metaplastic ducts to act as preneoplastic lesions. The genesis of and/or selection for apoptosis-resistant epithelia would be consistent with the tumor-promoting activity of MMP-7 observed in intestine (11) and mammary gland (12) . However, the ongoing high level of MMP-7 expression observed in preinvasive and well-differentiated invasive PDAC suggests that MMP-7 may also provide a growth advantage necessary for progression of pancreatic cancer precursors and perhaps initiate the early stages of PDAC invasion. Interestingly, MMP-7 positivity in PDAC lymph node metastases correlates with poor survival (37), a result consistent with any of these potential roles for MMP-7, but especially to the conference of resistance to apoptosis-inducing chemotherapy.
In vitro studies have suggested that MMP-7 expression in pancreatic cancer is a direct consequence of K-ras activation (38, 39) , one of the most common genetic lesions found in pancreatic cancer (40) . While K-ras is likely to influence MMP-7 expression, our own studies in pancreatic tumor cells in culture show that K-ras mutation is neither necessary nor sufficient for MMP-7 expression (Crawford et al., unpublished observations). Here we have shown that MMP-7 expression is specific to metaplastic ductal epithelium, whether induced by chronic transgenic expression of TGF-α or by induction of chronic inflammation. In the latter case at least, the short time frame from initiation to tissue harvesting combined with the high frequency of MMP-7 expression in the metaplastic ducts makes it unlikely that K-ras mutations are required for MMP-7 expression in this pancreatic ductal epithelium. Further insight into MMP-7 expression will likely come from examination of signal transduction pathways common to both inflammation and EGF family signaling. For instance, MMP-7 expression is induced by the inflammatory cytokines IL-1β and IL-6 through a Stat-3-dependent mechanism (41), and Stat-3 is downstream of EGF signaling pathways (36) . Antibodies against phospho-Stat-3 did not show immunohistochemical staining specific to metaplastic ducts (data not shown), although it should be noted that phosphospecific antibodies are often problematic in tissues filled with degradative enzymes, as is the pancreas. Nevertheless, this intersection of inflammatory and EGF signaling leads to a model where ductal metaplasia in general, and MMP-7 expression specifically, are under the control of signal transduction pathways common to both methods of initiation.
The link between apoptosis, metaplasia, and neoplasia is not unique to pancreatic epithelium. Metaplasia associated with Barrett's esophagus, ulcerative colitis, and atrophic gastritis is also associated with a dramatic increase in apoptosis of epithelial cells (42) (43) (44) and is thought in each case to act as a preneoplastic lesion (5, 6) . Interestingly, each of these examples is also associated with epithelial expression of FasL (45) (46) (47) and MMP-7 (48, 49) , suggesting that the observations we have made in the pancreas are likely to extend to multiple gastrointestinal epithelial tissues.
